Food, polyphenols and neuroprotection
Neuron loss and neurodegeneration are the common denominators of what are known as neurodegenerative diseases. Although the clinical manifestations of some neurodegenerative diseases are mainly associated with ageing, it is believed that onset of disease and neuronal death occurs progressively through life, well before the first symptoms appear. So, one of the main dilemmas regarding neurodegenerative disease therapies is that treatment often starts long after the neurodegeneration has occurred, when a great number of neurons have already been lost. Furthermore, little information is a available about how to keep the brain healthy, and there is a great need for novel risk-reduction approaches. Consequently, new strategies to prevent and/or to overcome neurodegeneration that will increase the long-term health of the brain, or reduce the risk of neurodegeneration, will have great impact not only socially but also economically. Of note, in spite of their specific pathways, many neurodegenerative conditions share common mechanisms, such as neuroinflammation and oxidative stress. Indeed, the possible role of reduced expression or imbalance of oxidative stress regulatory genes in ageing and neurodegeneration, and the possible protection by antioxidants, has often been discussed. The concept that diet can have a crucial role as one of those strategies, to contribute to healthy ageing, has been indicated more recently, which gave rise to the concept of nutraceuticals. A possible solution to this dilemma might therefore be to naturally increase the intrinsic brain defences, and to avoid, or at least reduce, the initial insults that lead to neurodegenerative processes. To this end, several studies have focused on the importance of nutritional consumption of natural products, as food itself or as food supplements that can convey neuroprotection.
One of the first indications of biological activities from food-derived compounds was the discovery of the antibacterial properties of curcumin, which was published in Nature in the late 1940's by Schraufstatter and Bernt. Other food polyphenols, and particularly resveratrol, have also attracted attention, as suggested by the possible association between red wine consumption in France and low incidence of coronary heart diseases. This association might be explained by the antioxidative properties of food polyphenols, in this case resveratrol, which have also been shown to convey neuroprotective activities to such compounds (Granzotto and Zatta, 2014) .
Recently, it has become increasingly evident that food-born phenolic compounds (e.g., phenolic acids, flavonoids, stilbenes) can modulate several cell functions, processes that go well beyond their first-described natural antioxidant capacities. Vegetables, fruit, nuts, chocolate and other types of foods and beverages, such as wine, coffee and tea, are all rich sources of polyphenols. It was recently shown that curcumin from turmeric has not only strong antioxidant activity, but also anti-inflammatory properties, with reduction of astrocyte production of tumor necrosis factor-α and interleukin-6 (and reactive oxygen species) in an animal model of Parkinson's disease. Curcumin modulates both myeloid differentiation primary response gene 88 (MyD88)-dependent and TIR-domain-containing adapter-inducing interferon-β (TRIF)-dependent pathways in tolllike receptor 4 (TLR4) signaling (Yu et al., 2016) . Also, an anti-amyloid capacity for epigallocatechin-3-gallate (EGCG) has already been described, which can act as a 'b-sheet breaker' , and so shows neuroprotective characteristics that go far beyond its antioxidative properties, even if central nervous system (CNS) access remains to be fully established (Boyanapalli and Tony Kong, 2015) . Recently, it was also demonstrated that significant levels of EGCG can cross a human blood-brain barrier model and protect cortical cultured neurons from oxidative-stress-induced cell death (Pogacnik et al., 2016) . Further molecular mechanisms of EGCG activity include inhibition of Bax, cytochrome c translocation, and autophagic pathways, through increasing LC3-phosphatidylethanolamine conjugate (LC3-II) (Lee et al., 2015) , and modulation of mitochondrial functions, as reviewed by Oliveira et al. (2016) . However, recent studies have also raised some concerns about eventual toxicity problems of high brain concentrations of some antioxidants, such as quercetin (Pogacnik et al., 2016) , which as well as its beneficial properties towards neurons, has shown toxicity towards different cultured cells. Hence, the possible toxicity problem also has to be considered in clinical trials designed for the use of 
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www.nrronline.org polyphenols in dementia (Molino et al., 2016) . However, polyphenols can undergo several chemical transformations after being consumed orally (i.e., deglycosylation, dehydroxylation, demethylation, oxidation), and their bioavailability depends not only on the molecule itself, but also on each individual (Lewandowska et al., 2013) . However, it is conceivable that due to the relatively low bioavailability of dietary polyphenols (see Pandareesh et al., 2015 , for a list of the bioavailability of dietary polyphenols in the CNS), high and potentially toxic concentrations can only be reached if the polyphenols are used as either concentrated supplements or therapeutic medicines. Considering the clinical course of most of the neurodegenerative diseases, it appears that the greatest valuable use of polyphenols might be their dietary enrichment through life, assuming that their regular consumption can increase, or contribute to an increase of, the brain defences against senescence and neurodegeneration (Figure 1) . Indeed, a growing field of research illustrates the possibility for epigenetic modulation by dietary consumption of polyphenols, namely for the modulation of pro-inflammatory and anti-inflammatory microRNAs (Tili and Michaille, 2016) , as well as DNA and histone methylation (Boyanapalli and Tony Kong, 2015) . Examples of these properties can be seen in the described neuroprotection via autophagy modulation in a prion disease model (Lee et al., 2015) . A recent review highlighted the epigenetic modulation of curcumin (Boyanapalli and Tony Kong, 2015) , which includes inhibition of DNA methyltransferases, regulation of histone modifications through regulation of histone acetyltransferases and histone deacetylases (HDACs), and regulation of microRNAs. It is also worth mentioning that the described modulation of endothelial cell inflammation through epigenetic regulation of nuclear factor-κB (NF-κB) target genes by EGCG that was proposed by Liu et al. (2016) as a beneficial agent against the vascular toxicity of environmental pollutants, might also have an important impact on the protection of blood-brain barrier function in neurodegenerative diseases.
Interestingly, a recent retrospective cohort study on the prevalence of dementia in the U.S. showed a significant decrease in incidence of dementia cases between 2000 and 2012 (Langa et al., 2016) . Although the underlying reasons that led to this decrease remain unexplained, the authors tentatively attributed it to increases in the levels of education and/or treatment of cardiovascular risk factors in the most recent population. As such, it can also be speculated that the growing awareness of the population regarding healthy food and nutrition that has led to the introduction of increasing amounts of fruits and vegetables into the daily diet has contributed to this decreased incidence of dementia.
In conclusion, food polyphenols appear to be a promising therapeutic approach to slow down the progression of neurodegenerative diseases. However, we believe that their biggest potential might very well arise from their promotion of the brain natural defences through their regular consumption in the diet. As such, natural food polyphenols would act more as prophylactic rather than therapeutic compounds. Although more difficult to demonstrate, because of the need for longer animal and population studies, this possibility deserves to be validated by further studies, due to the possible large effects it might have on the well-being of society and its great socioeconomic impact.
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